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UNITED STATES PATENT 
2,602,142 
X-RAY SPECTROGRAPI 
Thomas P. Ieloy, Cmbridge, Iss., ssignor to 
Ielpr, Inc., Alexandrin, V. 
Application November 15, 1949, Seril No. 127,323 
5 Claires. (CI. 250--53) 
1 
This invention relates generally to methods 
and apparatus for the interpretation of radiation 
diffraction patterns, and more particularly to 
novel methods and apparatus for providing com- 
parison diffraction patterns. 
Ont conventional system for measuring the 
relative intensities of the components of an 
X-ray diffraction pattern involves use of a photo- 
graphic film on which the diffracted X-ray beams 
are directed for a period of rime sufficient to 
effect chemical reaction on the film, the relative 
amount of the chemical reaction being visible by 
inspection of the film, or by photometric means, 
and being indicative at each point of the film 
of the intensity of the diffraction pattern com- 
ponent at the point. 
More recently systems have been developed for 
obtaining diffraction measurements by means of 
the Geiger-Muller counter, such systems consum- 
ing very considerably less rime than do the photo- 
graphic methods. 
The general systems involved have been well 
known ïor a long rime, and in the simplest form 
correspond to the simple Bragg spectrometer. 
Variations of the simple system are also well 25 
known, ont of which is disclosed in U. S. Patent 
#2,386,785, issued to Herbert Friedman, on Octo- 
ber 16, 1945. 
Essntially the Bragg method inv01ves, the 
generation of a beam of monochromatic X-rays, 
Which are utilized fo irradiate a target consisting 
of. a crystal. In other methods, crystal powder 
o amorphous material is used. In any event, the 
material maY be called a specimen. The angle 
.whfch the specimen makes with the bèam of 
X-raY radiation is varied £rom 0 ° fo 90 °, if the 
specimen be a single crystal, and a predetermined 
fraction of the total number of photons in the 
reflected beam at each angle is measured by 
means of a Geiger-Muller counter or ionization 
chamber £or each angle of reflection. The out- 
put of the Geiger-Muller counter may be meas- 
ured in any desired way, although the usual 
method involves recording the intensity of the 
average current output o£ the counter on a strip 
of record receiving surface, which is synchronized 
in its' motion with the rotation oï the counter. 
In this way the specimen and the counter may 
be continuously rotated through a desired range 
of angular values and at the termination of the 
rotation a plot will have been created on the 
record receiving sur£ace of the average output 
of the Geiger-Muller counter for each angle. 
Study of the plot then conveys, fo the trained 
observer, considerable information concerning 
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the crystal structure of the specimen, from which 
may be deduced the chemical constitution and 
various physical properiies of the specimen. 
If the specimen be a powder or an amorphous 
5 substance, rotation of the specimen becomes un- 
necessary, or, if the specimen is rotated its rota- 
tion need hot be synchrorfized with rotation of 
tle counter with respect to the specimen. 
It is round in practice that considerable diffi- 
'.0 culty irheres in affecting fluorescent or crystal 
analysis by means of X-ray spectroscopy, espe- 
cially whei] complex substances, or mixtures of 
substances are to be analyzed. This is true for 
several reasons, among which may be mentioned 
15 background effects, which are recorded, the ex- 
tremely large number of lines which may be 
recorded, the overlap or lack oï resolution be- 
tween varions of the lines, and the like. 
I bave, accordingly, devised a fundamentally 
novel system of X-ray spectroscopy, to which I 
bave applied the naine comparison spectroscopy. 
In accordance vith my novel system I obtain a 
recorded X-ray diffraction pattern which repre- 
sents the difference between the patterns which 
would be produced by a given sample, in accord- 
ance with conventional practices, and the pat- 
tern which corresponds to a comparison speci- 
men containing known substances, the pattern 
then represents only those constituents of the 
30 test specimen which are not present in the com- 
parison specimen. Thereby, analysis of diffrac- 
tion patterns is very considerably simplifled, 
especially in cases involving the identification oï 
impurities in otherwise known mixtures or com- 
35 pounds, or the study of differences between com- 
pounds which are in many respects identical. 
It is a broad object of the invention to provide 
an improved X-ray spectrometric method and 
apparatus. 
40 It is a ïurther object oï the present invention 
to provide a comparison X-ray spectrometer ca- 
pable of providing a plot of the relative diffraction 
patterns oï a plurality of substances, simultane- 
osly. 
45 It is still another object of the invention to 
provide an X-ray spectrometer capable of pro- 
viding a plot of the difference between two 
diffraction patterns. 
If is a more speciflc object of the invention fo 
50 generate two diffraction patterns of two different 
specimens simultaneously, the specimens being 
irradiated by an identical X-ray beam, and the 
diffraction patterns being measured by separate 
Geiger-Muller counters, the output o2 the court- 
55 ters being continually opposed so that only those 



,602,14 
 4 
diffraction pattern components are recorded which may be adjustable in respect fo size fo 
which are not simultaneously present in both the intensity of the X-ray bearn as if passes be- 
specirnens, yond the sllt. A table 5 is provided, which re- 
If is still another specific object of the inven- mains stationary during the operation of the ap- 
tion to provide a system of X-ray spectrometry 5 paratus. On the table 5 is mounted a pair of 
wherein two distinct sarnp]es are subjected to specimen tables, 5 and 7, which are axially ro- 
analysis by irradiating the sarnples alternate]y tatable in opposite directions with respect fo the 
by means of a single X-ray bearn, measuring the table 5. Coupled mechanically to the table 5 is 
Geiger-Muller output frorn the samples, ampli- an arrn 5 to which is secured the Geiger-Mu]ler 
fying the measurernents in independent amplifier ]0 tube 9. The arm 8 is mounted radially of the 
channels, and recording the amp]ifled outputs of specirnen table 8 and is adapted to rotate there- 
the two cl]annels in opposite senses on a common with, the table  carrying a specimen ! 0 consist- 
recorder, so that those diffraction cornponents ing of a crystal, or the like. The arrn 8 and con- 
which are cornrnonly present in both samples sequently the Geiger-Mu]ler counter 0 is so ori- 
produce zero deflection of the pen of the recorder 15 ented with respect fo the crystal !0 that X-rays 
while those which are present in only one speci- impinging on the target !0 are diffracted to the 

men affect deflections in one sense in response to 
one of the specimens, and in the opposite sense in 
response to the other. 
If is still another specific object of the inven- 
tion fo provide.a nove] systern of cornparison X- 
ray spectrometry wherein a pair of specimens 
are subject to simu]taneous ana]ysis, the speci- 
rnen being irradiated by a sing]e X-ray beam, the 
diffraction cornponent being measured by a single 
Geiger-Mul]er counter, and the output of the 
Geiger-Mul]er counter in response to each of 
the sarnples being measured by means of a sing]e 
A. C. amplifier which provides at ifs output a 
rneasure of the difference between the diffraction 
patterns for each angle of measurement. 
Further features, advantages and objects of 
the present invention wi]] become apparent upon 
consideration of the fo]lowing detailed descrip- 
tion of various embodirnents thereof, especia]]y 
when taken in conjunction with the accompany- 
ing drawings wherein: 
Figure 1 il]ustrates schernatica]ly a first em- 
bodiment of the present invention, utflizing a pair 
of Geiger-Mu]ler '.counters for sirnultaneous X- 
ray spectrometry of a pair of specirnens; 
Figure 2a represents a modification of the sys- 
rem of Figure 1 wherein a sing]e Geiger-Muller 
cdunter is utflized, instead of a pair of said coun- 
rets, and wherein the output of the Geiger- 
Mul]er counter is cornmutated in alternation to 
a pair of arnpliflers in synchronism with presen- 
ration of the samp]es in alternation fo the X-ray 
beam; 
Figure 2b is an e]evational view of a pair of 
sarnp]es mounted in a holder; 
Figure 3 represents an ernbodirnent of the in- 
vention of Figure 2, wherein the output of the 
Geiger-Muller counter is.applied fo an a]ternat- 
ing current amplifier which provides at its out- 
put a measure of the difference between the Gei- 
ger-Muller output occurring in response to com- 
mutation of the samp]es with respect to .the X- 
ray beam, no output being present for those corn- 
ponents of the diffraction pattern which are 
identica] when derived from both samp]es. 
Figure 4 fl]ustrates a modification of the sys- 

Geiger-Mu]ler counter . The axis of the Geiger- 
Muller tube 9 is shown in Figure 1 as instantane- 
Ously occupying a position perpendicular fo the 
2O direction of the X-ray beam 3, and accordingly 
the sample !0 is oriented at an angle of 45 ° with 
respect to both the tube 9, and the beam 3, so 
that the beam 3 may be reflected to the Geiger- 
Muller counter by the specimen 0. Forrned on 
25 the periphery of the table  is a rack segment !  
with which meshes a worrn ! 2, which is secured 
by means of a bracket |3 to the arrn 5. The 
worrn  is driven by means of flexible shaft !4, 
rotation of the worrn  effecting translatory mo- 
30 tion thereof with respect to the rack !  and, ac- 
cordingly, rotary motion of the arm 5 with re- 
spect to the table 5. Alternate]y, any other con- 
venient drive rneans may be employed, since the 
specimen table  is coup]ed to the arm 5, the 
35 specimen table  rotates, presenting the specimen 
|0 to the X-ray beam 3 over angles varying frorn 
parallel fo perpendicular i. e. over a total range 
of 90 ° , the worm  being arranged to effect 
clockwise rotation of the arm 5. The Geiger- 
40 Mu]let counter 0, which is illustrated for example 
only, is of conventional character and has been 
adequately described in the above mentioned pat- 
ent to Friedman, snd, accordingly, requires no 
elucidation in the present application. 
5 Those farniliar with the art wil] realize that if 
the specflnen 0 is a single crystal, the specirnen 
table 5 must rotate ai one-half the angular ve 
locity of the Geiger-Muller counter 0. If, how- 
ever, the specimen ! 5 is arnorphous or consists of 
50 powdered crystal, the specirnens rnay take the 
form of a pair of fllaments or of a pair of cylin- 
drical tubes filled with the specirnens. In such 
case rotation of the specirnen table 5 is hot re- 
quired, but if such rotation is effected it need hot 
55 be synchronized with rotation of the Geiger 
counter. No rnechanism for rotating the table 5 
with respect to the counter 0 has been illustrated 
or described, however, since various mechanisms 
for the purpose are well known in the art and are 
c0 avaflable in commercial equipments. 
A second specimen table 7 is secured to an arm 
5, corresponding in structure with the arm 5, 

terns of Figures 1-3 inclusive, wherein a rotatable and carries a Geiger-Mul]er counter |  similar 
fllter is ernployed with a stationary specirnen to the counter 0. Secured tothe arm !5 is a worm 
holder, instead of a rotary specimen holder; and, 65 gear 7, which rneshes with a rack segment 5 se- 
Figure 5 fllustrates a novel rnethod of comrnu- cured to the table 5. The worm ! 7 is driven by 
tating an X-ray beam with respect fo a pair of means of a flexible shaft ! 0 in such sense as to 
specimens in a comparison X-ray spectrograph, effect counter-c]ockwise rotation of the arm 5. 
leferring now more specifically to the embodi- The shafts |.4 and !0 are driven cornmonly by 
ment of rny invention illustrated in Figure I of 70 means of a motor 0, so  that they rotate at the 
the drawings, the reference nurneral indicates same angular velocity, and the instrument is So 
an X-ray target, which is irradiated by a bearn adjusted that the arms 5 and ! 5 initially occupy 
of electrons  and which, accordingly, produces identical angular relations. 
X-rays represented by the dotted line 3. The The specimen table 7 carries a specimen ! 
X-rays 3 are passed through a slit in a plate 4, 75 which is in some respects similar to., but hOt 
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identical, with, the specimen I{}. In accordance 
with one application of the invention, for exam- 
ple, the specimen I {} may comprise a powder crys- 
tal known to be pure whfle the specimen 21 com- 
prises a sample of the saine crystal powder known 5. 
to contain impurities. We have,then, effectivelF 
two spectrometers arranged for simultaneous du- 
plicating operation on dissimflar samples. 
Sample 21 is mouned at an angle.of 90 ° precise- 
ly with respect to the sample I{}, and in the posi- ]0 
tions shown the tubes 9 and I{} are diametrically 
opposite. Specimens I{} and 21, accordingly, are 
arranged with their axes symmetrical with re- 

the tube I {}, and in the opposite sense for opposite 
conditions. Accordingly, the resulting spectrum 
traced on the record receiving surface 3{} repre- 
sents thedifference between the spectr.um of the 
samples I{} and 21, the actual duplicating spectral 
lines generated.by the samples I{} and 21 having 
been completely eliminated:.  .: .. 
I.have, accordingly, provided the art with a.nev«. 
and useful instrument capable of obtaining re-. 
sults in the field of X-ray.spectrum.:analysis. 
which have not heretofore been possible, and 
specifically the possibi, lity of obtaining a compari- 
son spectrograph, from which duplicate lines due 

spect to the X-ray beam 3, so that each presents to a pair of specimens have been eliminated, lead- 
an angle of 45 ° te the X-ray beam 3, and each 15 ing to enormous simplifications .of analysis .of. 
presents an identical spectrum component toits . spectra. - - " 
Geiger-Muller counter. TheSystem of Figure 1 of the drawings presents 
lesponsiw to rotation of the moter 20, the certain weaknesses, revolving primarily about,the 
Geiger-Muller counters 9 and I{}, respectively, and fact that for accurate work the Geiger4Muller 
tlie associated specimens l0 and 2, respectively, 2o counters 9, I$ and.the amplifiers comurising the 
are rotated, the latter presenting always identical triodes 24 and 27, must. be identical, "or. provide 
angles to the X-ray beam  and to the Geiger- identical overall responses. While this can be 
Muller counters 9 and I{}, if the specimens are accomplished, in practice, it requires .vigilance to 
crystals, so that each of the Geiger-Muller courir- assure that the conditions of equality are main- 
ers genèrates the saine output if the specimens 25 tained,  . 
are identical. The output of the Geiger-Muller I have, accordingly, devised a further system, 
illustrated schematically in Figure 2a of the draw- 

counter $is applied over the lead 22 to the con- 
trol electrode 23 of a triode 24, or the like, for 
amplification thereby. Simflarly the output, of 
the Geiger-Muller counter I{} is applied over the ô0 
lead 2{} to the control electrode 2{} of a triode 27, 
or the like, for amplification thereby. Capacita- 
tire input circuits 2{} and 25, associated with the 
triodes 24 and 27, act as integrating circuits for 
the outputs of the counters. 35 
The anodes Pi and P2 of the triodes 24 and 27, 
respectively, are connected in push-pull relation 
over resistors 30 and 3 I, the anodes being supplied 
in parallel with anode voltage from a source 
the negative terminal of which-is connected to 4O 
the cathodes of the triodes 24, 2 and the positive 
terminal to the junction of ti]e resistors 30 and 
31. Th anodes of the triodes 24 and 2 are con- 
nected to a pen recorder 3{}, comprising a pen 3{} 
which is movable laterally either to the left or 45 
the right of a center line 37, contained on the 
record receiving surface 3{}, in response to signal 
applied .to the pen recorder 3{} from the triodes 
24 and 27. The record receiving surface 3{} is 
mounted on a pair. of cylindrical drive members 50 
3, one oî which is rotated by means of a shaft 
4{} driven from the moter 2{} and hence in syn- 
chronism with angular motion of the Geiger i 
Muller Counters  and I. The longitudinal po- 
sition Of each mark created on the record receiv- 
ing surface 3{} may be calibrated, accordingly, in 
terres of the angular position of the Geiger- 
Muller counters , I{}, or of the angular relation 

ings, whichemploys but a single counter, and á 
plurality of speciments which are .presented in: 
alternation for irradiation bY the X-ray beam4. 
To this end, the specimens te be irradiated, are 
mounted, respectively, in separate compartments 
of a container {}0, (See Figure 2b) one òf the 
samples being identified by the reference numeral 
l and the other by the reïerence numeral...2, 
and the two samples preïerably occupying' or  
located within opposite semi-circles of the con 
tainer {}0. The beam of X-rays deriving' from 
the target I may be assumed to diverge sligl]tly 
from the aperture in the plate 4, and, accordingly 
a stop or lter {}3 is interposed to cut off hall the 
beam, leaving the remaining hall, so as to irr 
radiate one semi-circular portion only of.the 
target {}0. The container e, is .mounted. on a 
shaft 4, which is rotated by means of an alter- 
nating current synchronous motor  at a rela- 
tively high speed, of the order of 30 t. P.S., the 
moter {} being energized from the A. C. supply. 
lines . Accordingly, for each position of the. 
Geiger counter {}7, the input to the cotu]ter is 
alternately that produced in response to.irradi- 
ation of the speciments {}l. and. 2, these speci-. 
mens being irradiated each 30 rimes per .second, 
and in alternation, for the assumed motor sp.eed 
of 30 revolutions per second. . 
The output of the Geiger counter 7 is app!ied 
in parallel to the control electrodes  and  of 
pentodes {}0 and {}l, respectively, the anode cir- 

of the sample holders 10.and 21 te the X-ray cuits of which are respectively coupled in .con- 
beam 3. For any angular position for which the 60 ventional fashion to cathode coupled triodes {}2 
spectrum components as measured by the courir- and {}3, respectively, the cathode coupled output 
ers 9 and I{} are identical, current fiow in the resistors 4 and  of which are connected to the 
triodes 24 and 27 Will similarly be identical, the pen recorder 3{} as in the system of Figure 1 of 
voltages across the resistors 3'{} and 31 will be the drawings, i. e., each to introduce an oppositely 
identical and the pen recorder 3{} will, according- 65 directed defiection. Oppositely phased square 
ly, read zero. Should the samples I{} and 21 be wave signals are applied fo the screen grids {}{} 
identical as to crystal structures therefore, no and {} of pentodes {}0, {}l from the square wave 
output will be applied to the pen recorder 3 over generator {}8, the square wave outputs of which 
the entire angular range of movement of the are.synchronized from the A. C. line , so that 
samples 10and 21,and no record wfll result. For 0 each square wave occurs at the proper instant 
each angular position of the samples 10 and 21 in the rotation of the samples l and 2, the 
forwhich a difference of spectrum exists, how- square wave presented over the line 69 being op- 
ever, this difference will be recorded, in one sense positively phased with respect to the square wave 
laterally of the record receiving surface 3{} if a presented over the line 7{} as illustrated as 71 
comportent is detected by the tube 9 and hot bY  and 2 so that the pentodes {}{} and 61 will .be 



? 8 
swifhed on in alternation.. The phasing, of the rotatibn of the samples @I- an@ 52 produces no 
square  waves ]. and ]2 wih.respect_ to. he rot. attating current input 
tion.of-thetarget.Ois so arranged thtthe:.pen and;., according]y, t-he output' thereof is zero 
rode ç .is:turned onwhile.thesample 5/is.beg. regazdless of the mugnide of the.output of-the' 
iadiated; belng otherwe-.t.urned.off,.and so .tha£ 5 Geiger counter @]. Shoutd: therebe a difference- 
the'. Pt0de- 61 is tned on. while the targ¢ @2 betwee..the energy reflected, b the  samples, 51- 
is being lrradlaçed, and: is otherwlse tned.o, and 
ccording]y, the output of  the Giger courtier Js roduces an a]ternating ouu from. he" uhe 
chapelet o the two pentodes 60 6.1"so that one 5: The be 5 having-; atied theeto deent 
Dtode 60 presents the intensty of the spectral ]0 energie whfle, the secen 
lines due to the sample @lwhite the other pend. dlated; and he seclmen = atnaing a, 30 

to-de 6-1: presentsthe intensity of the spectrs£1ines 
due.. to the sample @2.. The peu 36 of the pen- 
recorder 35 has considerable inertia, so that, while 
both targets are causing, generation of identical: 15 
spectral lines the peu 36 is hot deflected. 
eitherof the.. samples: @l, @2 effect .generation of 
s» spectral line which does hot correspond to a 
spectral linepresent in. the: other sample the peu 
recorder will deflect, accordingty, i. e., in one di- 20 
rection: for the sample 51 and in the opposite 
direction, for the sampte 52.; Accordingly; the. 
completed record will be arecord of the difference 
between the spectra generated by the: two samples, 
indicating only those lines which are hot common 25. 
and identical for the two specimens. 
In accordance with the system, of Figure 2 of 
the drawings, anidentical X-ray beam irra-diates 
the two speciments,, white but a single Geiger 
counter tube measures: the intensities of. any 30 
spectral, lines, which are .generated.. The system 
has the defect, however, that two separate chan- 
nels are utilized for amplification of the signals, 
and-. the further defect that these channels must 
be synchronously rendered operative in alterna- 35 
tion, leading to somecircuit comp]exity.; and stfll. 
further in thafi the. amplifiers ar.e essentially 
D C: amplifiers. 
I have devised still another species of the in, 
vention, wherein a singte. X-ray beam irradiates 
a pair of specimens in alternation,, the: resutting- 
spectral lines, are measured bF a single G-lYI. 
counter, and the. output of the. G-M. counter is 
amplifled in an A. C. amp]ifie, which amplifies 
only the differencê, between intensitfes of signala 
due to. the separate specimens. No synchroniza- 
tion is required; in accordance with thepresent]y 
described embodiment, and the_ amplifier may be 
mad.high-gain, yel;, extremelF stable.. 
Reférence is accordingly now made fo Figure 
3. of the. drawings, wherein, is iltusrated a. com- 
parison.system of X-ray spectrographF, wheein 
a» comparison spectrun is produced in response 
to- irradiatien of two samples-in' alerntion, 
in the system of Figure 2a, but wherein, hot on]y 
are. the specimens irradiated bF  the saine Xray 
beam and the l'eflected: energF detectecl: and 
mesured by..s singte G-M;cm/nter-, but a]so the 
output of the G-II. counter generated in re-. 
sponse fo irradiation of the specimens in alter- 
nation; are amplified- in a sing]e amplifier which; 
moreover, is an ordinary A. C. amplifier, and, 
accordinglF, maF. bé provided v¢ith: extreme]y 
high amplification,, and maF' beextremely stable; 
To this end,. the general structure', and. arrange- 
ment of Figure 2a is empl0yedi the output.of- the 
Geiger-Mutler counter @], however; being applied 
fo. the input, of an. a]ternating current-amplifier. 
] 0, the output of which actuates.the, pen. recordez 
3@« The alternating curxen amplifier. ]0 does 7O 
hot respond toc D. C. signais, but Poides zero. 
output in response  such signais: Accordingly, 
so long: as the refiected, enmg" eied from the 

R. P. Si, there is a consequent variation o] out,. 
put from: the.tube 57 at the:frequencyof 30 cycles-. 
per second. It is true that-with. çhe system of 
Figure/3- it is impossible to: determine whether 
a- component of output deives: from the sample 
@! or @2. Tf, however, the sample @2; for exam:- 
ple, is simflar to the sample @1 except for the 
inclusior of certain impurifies or eertair addi-- 
tional e]ements,, then onlT the impurities-e the: 
elemenl;s: wflt establish a response af çhe output. 
of file A. C. amplifier 60. and, according]y., will 
generate a record- on the ]'ecord: receiving= 
ace 38. T, here is according]y, a-large fleld-of, 
use. for an- instrument of- this. character, especia[-. 
]y when censideration, is given to the. etreme. 
simplicity of the system,, which requires no-.com- 
mutation, as. in the system of- Figure 2a» nor the 
balancing of two paral]et amptiflers as in. the 
systems of Figures 1 and. 2a: Each specimen 
im'adiated by precisely the same X-ra.y, energy,. 
each sample pl, oduces reflected energF, which 
applied fo the. same Geig.er counter tube, and- 
the output of the Geiger counter tubeis amplifie@ 
in a single channel, hich may readi-lF be-as, 
sumed to remain constant over- the period, re- 
quired to effec- one plot.or spectrum.analysis and- 
v¢hich» moreover, being: ar. Ai C. amplilie, mT 
readily be subjeted to automatia volume, contrel 
4O or the like for that purpose. 
leference is now, made more. specifically to: 
Figure 4- of the. dz, awings» wherein- la illustrated 
a modification, of the sy.stems of Figures: 2a and: 
3' which is applicable to either of these systems,. 
45 as:a modification thereof, if desired., tu aecordr 
ance-with, the: modification, itlustrated in Figure 
4 the specimen container @0 remains stationary». 
being secured in - any convenien fashion to. the: 
specimen, table. 6 and the drive motor @ 
5o, utflized to: rotate a- fitt'er 2. with  r.espect, to the: 
specimen 5: ïhe fllte -2 may be made 
various: metals, lead being, usefut- in. this con- 
nectïon, and may-tke various, speciflc forms. 
Tu. the form: shown,, the ff]ter 2 is eut away: over 
55 an arc ot.approximatety 20, thus permitting, the 
X-ray bear  to impinge on the: samptes @0 and = 
52. (sec Figure 2b in a]temation, but hot: per-. 
mtMng either one of the samples fo be irradiated 
totally. Thereby-considerab]e- periods will be 
avflable whén eithez, one or the . other, of the 
samptes is irradiated: by the X-raF beam : to. 
;he. exctusion; of. the other,, and relatively short 
periods oï sïmultaneous, irradiation wi]] occu. 
A-similar precaution la essential, in: the  system. 
 Figure 2a,..par, ticularly; .for simi-lar reasons, 
and: therein theaperture in:the.filter 53 is dimen- 
sioned fo permit irradiation of. one sample .t. 
rime over a relatively sma]l angu]ar sector only.; 
sa 10? ozr 20?. In. the system of Figure. 3, on 
the. other hand;- simut.taneous irradiation of both 
samples is hot.. part-icularly deleterious, and.. the 
aler,.ure, may/ be idened to:include: an. arc 
as_great as 180L. if desired,, thus increasing, the 

separate specimens 5i, 52; in._response fa- irra- total energ fallinoE onthe Geiger-Mul[er counter 
diation b the X-ra beam- , remain identiel; 75 of-the;system.. 
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The embodiments of my invention illustrated 
in Figures 1, 2a and 3 of the drawings require 
physical motion of specimens, while the modi- 
fication of the systems of Figures 2« and 3, sug- 
gested bF Figure 4 , requires physical motion of 
. a filter.. Itis desirable te minimize mechanically 
moving metallic parts in the path of the X-rays 
of the system, if possible, and I bave, accordingly, 
devised .a system of X-ray commutation for 
application te my system, which involves the 
scanning of an X-ray beam with respect te 
specimens instead of scanning of the specimens 
with respect te the X-ray beam. Reference is 
new ruade te Figure 5 of the drawings for an 
'illustration of an X-ray tube arranged for X-ray 
scanning in an X-ray diffraction system in ac- 
cordance with the present invention. 
 There is provided, in accordance with the in- 
vention, a non-conductive envelope 100, which 
may be fabricated of vitreous material, within 
which is included an anode 10! which may be 
fabricated of suitable metal, such as copper, and 
Which, when impacted by a suitably accelerated 
stream of electrons, delivers certain lines of char- 
 acteristic frequency at relatively high intensity. 
The electrons are supplied by « thermionic 
cathode 02 which may be heated by means of 
any suitable source of electric power. 
" Surrounding the thermionic cathode 02 is a 
suitable focusing shield ! 03 having therein a 
circular opening 104 which serres te ferre the 
beam of electrons B. Adjacent te the focusing 
shield 103 is an accelerator electrode 05 having 
a longitudinal aperture 05 which is aligned with 
the Circular opening 04 in the cathode shield 
85, and which fiares slightly in the direction of 
travel of the electron beam. Itis the function 
of the accelerator electrode i g te accelerate the 
beam of electrons provided by the cathode 82 
and the focusing shield i3, te a potential suit- 
/able for defiection when the beam passes be- 
tween the defiecting electrodes or defiector 
plates i 07. 
The defiector plates 07 may consist each of a 
small metallic plate of generally rectangular 
shape, connected te leads 188, te which may be 
applied «lternating voltage frein a source 9, 
"having a frequency say, of 60 cycles per second 
for purposes of convenience since that fre- 
quency is normally available commercially. 
The cathode 2, its focusing shield 103, the 
accelerator electrode 0 and the defiection elec- 
trodes 18 may be enclosed in a generallycylin- 
chacal shield 8 which has at the end thereof 
djacent the target, a neck portion i ! i having an 
opening i ! 2, of smaller dialneter than the diame- 
ter generally of the shield ! 0, and which defines 
an opening through which the electrons may pass 
,te the anode 10. The shield i operatesas a 
barrer te electrosatic lines o force emanating 
frein the anode, and serres, accordingly, te assure 
that the total acceleration of the electrons in the 
beam B, while they are within the shield ! ! , and 
prier te the rime they emerge frein the aperture 
2, shall bave a velocity determined primarily 
by the potential of the accelerator electrode 10. 
Aïter the electrons bave passed through the aper- 
ture  12 they are subjected te the extremely high 
positive potential of the anode I01, and attains 
extreme!y high velocities, such that they are net 
readily defiectable in response te electro-static 
fields, o1" otherwise. This high velocity is re- 
quired in order te effect generation oï copious 
quantifies of X-rays upon striking the anode fl|. 
Accordingly, the beam oï electrons, generally 

]0 

of circular crossïsection, end having a relatively 
small diameter, is formed by the thermionic 
cathode 2, its focusing shield 3, and the 
accelerator electrode ! 0, and ds passed between 
the defiection electrodes  ata relatively low 
velocity, being defiected during such passage in 
response te the alternating voltage applied via 
leads ! 8 te the deflection electrodes ! , first in 
one directïon end then in the opposite direction. 
After defiection the beams pass throngh the 
aperture ! ! 2, are thon subjected te an eXtremely 
high voltage gradient .and are accelerated te a 
velocity suiïiciently high te cause copious omis- 
sion of X-rays when the beam strikes the target 
15 or anode, i  . 
The beam stkes the anode or target 
different points for each value of defiection volt- 
age applied te the defiection electrodes 108 and 
, the point of impact constituting a relatively 
20 small area. The anode i  slopes sharply with 
respect te the axis of the beam of electrons. 
Accordingly, the beam of X-rays which ig gener- 
ated, and which diverges but slightly as it leaves 
the target area, changes its lateral position with 
25 respect te the anode !  in response te the voltage 
applied te the defiection electrodes i7, scanning 
between limit linesi3 and i|i 60 rimes per 
second. 
In the patli 0 the Xray .beam is providd a 
30 shield member i, having a pair of apertures 
6 and , through which, «ccordingly, the 
X-ray beam passes in alternation, and in syn- 
chronism with the frequency of the yoltage ap- 
plied te the defiection electrodes 10. Two sepa- 
35 rate specimens, 5{ and 2, which are subject te 
analysis in the equipment, are sopositioned on 
a specimen table that the separate portoins of 
the X-ray beam traversing or passing through 
the apertures i I G and i I each strike one o the 
lo spécimens, the specimens, being arranged one 
above the other se as te produce comparable 
diffraction spectra. 
Diffracted energy frein the two specimens reach 
the Geiger counter  at appropriate rimes in 
45 its ti-avel on an arc of a circle centered on the 
samples. The Geiger counter supplies its out- 
put te the input of an amplifier and recorder 
which may be of the type illustrated in Figure 
of the drawfligs, or alternatively, of the type 
50 il]ustrated in Figure 3 of the drawings. 
It will be realized that if the amplifier of 
amplifier and recorder I-0 is an A. C. amplifier, 
in accordance with the teaching of Figure 3, that 
the shield ! i  is net required, but may be utilized 
55 if desired. 
If will further be evdent that the voltages ap- 
plicable te the various, electrodes of the system 
bave net been illustrated in the drawings, since 
these are per se conventional, and form no part 
60 of my invention. 
Referring again te the embodiment of my in- 
vention illustrated in Figure 1 of the accompany- 
ing drawings, the provision of various switches 
enables modification of the operation of the sys- 
65 rem which is of extreme value for many applica- 
tions. 
Specifically a switch A may be provided, which, 
when open, prevents output frein amplifier 
reaching recorder , and a switch B may be pro- 
70 vided between amplifier 1 and recorder , te 
prevent output frein amplifier  reaching re- 
corder  when switch B is open. Thereby a 
cording representative of one only of the samples 
may be ruade, if desired. 
75 Itis sometimes desirable, further, te provide 



Il 
plots .or recordings representative Of oE-ray ,dif- 
:fraction -paterns of :two maerials :bath .extend- 
:ing in the saine.direction OErom. a common .base 
2inc. To this. end. a .circuit.:C -including a.awitch 
D may :beproided which serres, when:swich 
is closed andswitch B:open, tto .aPply the outputs 
:of amlslifiers 24.and27 both .to the same side:of 
recorder 35. &ccordingly, ,the outputs Of: ampli- 
.fiers 2.4 and 2:7 _produce identicCÂy dir.eced de- 
fiectionsof pen 36. I0 
It :ill ho realized that the ¢ar]us amplflîers 
illustratedforpurposes..of example.are, :in prac- 
 tice, proçided with rneans =for .adjustment of 
gain, tu .enable compensation for .dtffeences of 
tube characteristics and specimen diffeences. 15 
urther,-while I ha¢eillustrated the arious am- 
,pliiïers..as single stage ampliiïers,/if will :be :real- 
ized that this is :for :the :purpose of .simpliïying 
the-drawings, and that I contemlolate utilizing 
amplifiers in. accordance with advanced .designs, 20 
the 'amplifiers per :se foming no part of my 
.invention. 
 V¢hile :I-haro described :and :illusrated £he var- 
tous .spcific nd .preferred .embodiments Of my 
invention, it witl.be clear :fo .those skflled-in the 25 
.art that variationsand modifications of the spe- 
cific .structure illustrated and described .and df 
various of the arrangements illustrated and :de- 
-scribed may .be ,resorted to without departing 
-:om .the true spirit:and .scope of .the-invention. 30 
tri particular, it is realized .thatwhile I haveap- 
.plied my invention .to the production of -ray 
diffraction speca, :that-thesame :principles may 
be applied in the .field-of electron diffraction 
spectrometers, and-generally inthe-field of radia- 35 
.tion .spectrometers, .and especially in ,the-field of 
:fluorescent analysis, ,with imflar advantages fo 
 those accruing .when .the :invention is-applied o 
X-ray diffraction spectrometers. 
What ,I claire-and desire .to sccure by Letters 40 
 Patent.of the United States is: 
1. A comparison spectroscope cemprising, 
means ïormounting a pair of-specimens, means 
for directinga ,beam of radiation simultanecusly 
-and equally .on said .specimens in a .manner 
adapted-to produce a .diffracted beam of radia- 
tion .from each of said specimens,, means :for 
varying the angle atvhich said beam is directed 
on said specimens, andmeans formeasuring and 
indicating only the difference ofthe .intensities 5o 
-of said .diffracted beams of Tadiaton as-said 
angle -aries. 
2. A-comparison X-ray spectroscope compris- 
ing, .means for mounting ,a .pair of specimens, 
means for directing a beam of X-rayssimulta- 55 
neously and ,.equally. on said specimens,.in Ç:man- 
.ner .adapted fo :produce-a diffracted heam.-of 
X-rays from each of. said specimens,-means for 
rotating..said specimens to ary the angle.of.inci- 
dence of said beam thereon, and:means.for:.meas- 6o 

uring and indicating .only khe _dflïeence 
intensities of :said difh:acteti beams ,of .'X-.Tays::at 
..each angle :of .incidences. 
3..A :comparison spectoscope, comprising, 
means for mounting a pair o'f specimens,/means 
for generatingan X-ray beam, means.or.direct- 
ingsaid beam on said pair .of:specimens :simul- 
taneously o povlde -simultaneously trom-ach 
of said specimens a diIracted :heure of _"X.rays, 
means Ior rotating said specimens tovary he 
 angle of incidence of :sCd :beam theeon, :mesns 
for separatèly meastming _the 2ntensity..of dif- 
fracted beams from each of .said slaecimens:.at 
each angle of incidence, and means r.esponsiw 
to the difference of measurements povided 
said means for measuring or :indicating a nmg- 
nitude at each angle of 2ncidence. 
4. A device for.detemining £he:relaie_-iiten- 
sities of .radiations :in X-xay :diffraction .paterns 
produced .in respense :to irradiation .Of non-iden- 
-tical :but similar specimens, comprising, _aeans 
mounting .said specimens for :rotation. :àhout 
axis, means for-dir.ecting a beam :of radigtion 
simnltaneo.usly upon,said.specimens inïa manner 
to :produce from "each simultaneous ,iifracted 
:bams of radiation, radiation counter zneans, 
means mounting said counter means andïsaid 
specimens .for :rotation about said-:axis,.:means 
-rotating :said specimens and :said.counter ,means 
about.said-axis, the relative positions, and :r:ates 
ofmovement-of saidspecimens and:said:counter 
 means being so synchronized as '.to direct dif- 
"fractedbeams lnto:said.counter .meansfhrough- 
,out said :rotation, and. means :for deriving rom 
said counter means a measure :of the difference 
between the intensities .of-diff_racted beams :of 
radiations deriing ff_oto ;said -separate specimens 
-for .each position .of said :specimens ,and aid 
counter means. 
5. The combination :in :accordance -with :laire 
4-wherein said counter means comlorises :.a ..pair 
of Geiger--Muller counters, and wheein :said 
means for rotating rotates said counters in.oDpo- 
site senses about said-axis. 
rHOMAS ïP. MELO¥. 
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